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ABSTRACT
With the introduction of the Web 2.0 philosophy in the learning arena, the way learning actors interact 
has changed substantially. From a collaborative perspective, all the actors in the learning landscape 
could make use of a variety of tools for collaboration, making up what it is called: “collaborative learn-
ing 2.0.” In this chapter, the discussion is focused on the open educational resources (OER), concretely 
open assessment resources, i.e., open resources used in the assessment process (formative and/or sum-
mative). The authors explore the way to create, share, search, manage, and access to these resources; 
all these actions are described from the context of collaboration inherited from the Web 2.0 paradigms: 
collaboration among teachers and course designers, teachers and learners, and any other factors that 
could arise in the assessment process. On the other hand, the approach to managing the open assess-
ment resources is based on an outcome-based assessment process because of the great importance of 
the outcome-based learning.
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INTRODUCTION
The usage of a repository of assessment resources 
matches up with the collaboration Web 2.0 phi-
losophy. Several teachers from several institutions 
can author assessment resources collaboratively, 
improve not-up-to-date material, share it with the 
community, provide comments about the usage of 
some resources like the learners performance or 
peer review other’s resources: the possibilities are 
almost infinite. On the other hand, learners could 
also drive their own learning using self-assessment 
resources or providing feedback of their experi-
ence with some resources. Therefore, here we are 
presenting an eminently collaborative tool.
Sharing assessment resources among teach-
ers and course developers is a feature that has a 
great potential. The exposition in this article tries 
to shed some light over this feature and provides 
a solution by means of an application prototype. 
The learning management systems (LMSs) are 
the entry point for the mentioned stakeholders to 
the educational resources used by an institution. A 
possible solution for sharing assessment resources 
among LMSs would be to use an information 
repository, such as the Open ICOPER Content 
Space (henceforth referred to as OICS). By doing 
so, assessment content and information could be 
centralized and the material would be accessible 
from any other platform. All contents could be 
downloaded from a single centralized site, thus 
simplifying the integration of different LMS and 
interoperability.
The repositories of educational resources en-
hance some e-learning processes like the collab-
orative authoring of resources by several teachers, 
the communication between teachers and learners 
and the enrichment of educational resources by 
means of annotations (teacher reflections, learner 
feedback, peer review comments).
The Open ICOPER Content Space (OICS) 
is an open repository of educational resources 
that permits teachers and learners create, share, 
enrich and reuse any kind of learning materials. 
The educational resources the OICS manages 
range from instructional design resources (e.g. 
learning designs, teaching methods and assess-
ment methods), learning outcome definitions, 
learner assessment resources to learner’s achieved 
learning outcomes.
As the Bologna process has led to the re-
production of several learning programs in many 
European institutions, the objective of this tool is 
supporting content authors in this endeavour. Due 
to the learner assessment is a key process and it 
has to focus on learning outcomes, the utility of 
this tool for course developers is unquestionable.
The objectives of this article are:
• Show the importance of the outcome-based 
assessment process
• How an Open Educational Repository 
could support teachers and course devel-
opers in the planning and design of the 
outcome-based assessment
• Introduce an actual implementation of 
these concepts in the .LRN platform
BACKGROUND
Outcome-Based 
Assessment Concepts
There are two main concepts in any learning sce-
nario: the learning outcomes that are intended to 
be achieved by the learner and the learning designs 
as the means by which those can be achieved. In 
order to complete the picture, learner assessment 
appears as the process of testing the achievement 
of learning outcomes (knowledge, skills and/or 
competences) by an individual learner and provid-
ing the corresponding information reporting about 
the learner achievements and/or potential indica-
tions for improving them (Crespo et al., 2010). 
Learner assessment is thus the binding process by 
which the intended learning outcomes defined by 
a learning design are accredited as actual learn-
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ing outcomes acquired by a learner, transforming 
those learning outcomes from potential to factual.
Two representative cases can thus be considered 
(Bloom et al., 1971). On the one hand, a learning 
design which includes a final assessment process 
to check whether the learners have successfully 
accomplished the intended outcomes. That is, a 
summative assessment, which provides a measure 
of achievement or failure, made in respect of a 
learner’s performance in relation to the intended 
learning outcomes of the program of study (QAA, 
2010). The learner assessment concept (Figure 1) 
would comprise the whole process, including in 
this case both the activity of the learners taking 
the exam as well as the appraisal phase when 
the instructor gauges the learners’ responses and 
awards them the corresponding grades.
On the other hand, a learner assessment process 
can be a learning activity itself, aiming to provide 
formative feedback to the learner about his/her 
performance and support their progress (Yorke, 
2003). An example of this case is a peer review 
activity integrated as part of the learning design. 
The learner assessment can again be subdivided 
into two sub-processes: the development of the 
project by the learner (learner’s activity) and the 
reviewing (appraisal).
Further analysis of the relationship among 
learning outcomes, learning design and learner 
assessment requires the introduction of the key 
Figure 1. Learner assessment concept map
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concepts related to the latter: assessment resource, 
roles (assessor and assessee), assessment results, 
etc. Figure 1 represents these key concepts as well 
as the relationships interconnecting them.
In a similar way that a learning design uses 
learning resources for supporting the learning 
process, an assessment process also makes use 
of specific resources. An assessment resource is 
a special type of learning resources, which is used 
for assessment purposes and it involves interac-
tion with the learner. Assessment resources should 
include additional information besides the textual 
instructions provided to the learners.
Two roles are involved in the assessment pro-
cess: the assessor (responsible of the appraisal) 
and the assessee (whose learning outcomes are 
appraised). They typically correspond to the learn-
ing supporter and the learner roles defined for the 
unit of learning, respectively. As a product of the 
appraisal done by the assessor, the assessment 
results are generated, consisting of information 
about the performance of the assessee, his/her 
achievement of the learning outcomes and/or 
formative feedback for supporting the learner’s 
progress. Usually, assessment results can cor-
respond to specific learning outcomes and may 
need further post-processing to inform about more 
generic learning outcomes.
The assessment record acts as the binding 
between the learning outcomes that the learner 
can actually claim and the assessment process 
(when successfully completed). In order to be 
trusted and to provide complete information, 
assessment records should include data about 
the type of assessment performed as well as the 
responsible expert and institution that endorses 
this evaluation (the assessing body).
Finally, the description of the assessment 
process is formalized into the assessment 
method concept, which comprises the charac-
teristics defining a certain assessment process 
(such as who plays the role of assessor, the 
type of activity posed to the assessee, the 
purpose of the process, the kind of results to 
be provided, etc.). The assessment method is 
strongly influenced by the assessed learning 
outcomes. Different types of learning outcomes 
require different assessment methods. Differ-
ent assessment methods can also be defined 
depending on the actors playing such roles. 
The assessor role can be played by the student 
him/herself, peer learners, the instructor or 
automatic assessment. Regarding the assessee 
role, learners can be assessed individually or 
in groups (collaboratively). Again, the learning 
outcomes can be determinant in the selection.
The assessment method is thus a concept that 
can be related to the teaching method defined 
for the learning design, as it plays an equiva-
lent role for the learner assessment (namely, 
the generic description of the process) and can 
thus be considered an integral component of 
the teaching method. So the teaching method 
includes references to the assessment method(s) 
to be applied when learner assessment activities 
are included.
Figure 2 shows the conceptual map for the pro-
posed learning outcome based assessment model, 
abstracting the detailed concepts and focusing on 
interconnecting key ones.
In summary, learning outcomes and assessment 
are connected in various ways:
• At design time: learner assessments are de-
signed to evaluate the attainment of certain 
intended learning outcomes.
• At runtime: learner assessments provide 
information about actual learning out-
comes achieved by a learner; the assess-
ment results are normalized into assess-
ment records.
• At post-runtime: the learner’s outcome 
profile is updated with the gained learn-
ing outcomes, i.e., the achievements he/
she has obtained; these achievements 
are evidenced by the normalized assess-
ment records, results of the assessment 
process.
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Relevant Standards and 
Specifications for Open 
Assessment Resources
In this section, the most relevant standards and 
specifications related to the authoring and manage-
ment of open assessment resources are introduced. 
The presented standards and specifications used 
in the assessment process can be classified in two 
types: inherent of the assessment process (e.g., 
IMS QTI for representing assessment resources) 
and supporting the assessment process, i.e., as-
sessment and specifications used in the e-learning 
contexts but not specific of the assessment process.
IMS QTI
The IMS Question and Test Interoperability format 
(IMS QTI, 2010) defines a specification for assess-
ment resources and results, allowing the exchange 
of such material among authoring tools, delivery 
systems, content repositories and LMSs. It is still 
a specification, because it has not yet been backed 
by any standardization body. Nevertheless, it has 
become very popular and considered nowadays a 
standard de facto for assessment resources.
The specification consists of a data model 
defining the structure of the questions, the tests, 
feedback and results. An XML binding is provided, 
which is the most commonly used, that facilitates 
the exchange of the materials.
There are several IMS QTI versions, among 
them versions 1.2.1 and 2.1 stand out. IMS QTI 
1.2.1 was released in 2002 and it is the most 
popular, used in learning systems (Agea et al., 
2009) and endorsed by the IMS Global Learning 
Consortium. The IMS QTI data model in its 1.2.1 
version relies in the following core elements:
• Item: contains a question, its presentation 
or rendering instructions, the response pro-
cessing applied to the obtained responses 
and the feedback, and the meta-data de-
scribing the item
Figure 2. Learner assessment summarized concept map
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• Assessment: contains a collection of items 
used to determine a level of mastery. It 
contains instructions to enable different 
sequences of items and the corresponding 
scoring instructions.
• Section: contains groups of items to sup-
port complex schemes of scoring as well 
as sequencing.
• Object bank: a collection of items and sec-
tions. Its content is searchable.
Version 2 of the specification proposed a 
significant review of the four basic objects in 
version 1.2.1. The first revision, version 2.0, 
tackled the review of the first of these objects, 
the item. The simplification has been significant, 
but unfortunately, the corresponding tasks for the 
rest of objects have not been achieved. Version 
2.1 is still in draft status. As a consequence, the 
overall simplification and refinement of the speci-
fication to be achieved in version 2 is right now 
incomplete, and the only complete (and endorsed 
by IMS) specification is version 1.2.1.
In order to realize the exchange of assessment 
resources in a federated repository, a common 
assessment specification must be used. Although 
IMS QTI 1.2.1 presents deficiencies and limita-
tions, as discussed in (Gutiérrez Rojas et al., 
2009) and (Agea et al., 2010), it is nevertheless 
considered a de facto standard by the industry. 
Thus, this is the specification selected in order 
to widen the scope of the repository, accomplish 
universal access and allow it to provide services 
for both authoring tools as well as LMSs.
ICOPER LOM Application Profile
The solution for defining learner assessments, that 
is, the assessment resources enriched with other 
related information, such as intended learning 
outcomes or assessment methods, was presented 
in (Gutiérrez Rojas et al., 2010). The solution 
was based on the integration of the IMS QTI files 
with the ICOPER LOM application profile (AP) 
as shown in Figure 3. The assessment resource 
described using IMS QTI is optionally packaged 
by means of IMS Content Package (CP) and then 
the ICOPER LOM AP layer is attached.
The ICOPER LOM AP is an IEEE LOM pro-
file defined in the context of the ICOPER project 
to describe the outcome-related information of 
learning objects of several types, e.g., learning 
Figure 3. Learner assessment data level
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designs, learner assessments, teaching methods, 
etc. The main concepts of learner assessment are 
mapped into IEEE LOM profile as follows:
• Learning resources are presented as IMS 
QTI 1.2.1 files.
• Learner assessment is defined by all LOM 
attributes and categories (LOM Learning 
Resource Type: “Learner Assessment”).
• Annotations of the resources can be given, 
using the IEEE LOM Annotation.
• Assessment methods are related to learner 
assessment using IEEE LOM Relation and 
several assessment methods can be defined 
for a resource.
• The intended learning outcomes of the as-
sessment resource are defined in an IEEE 
LOM extension included in the ICOPER 
AP. More information can be obtained 
from (Agea et al., 2010).
• Learning designs are related to the learner 
assessment through IEEE LOM Relation.
PALO
The Personal Achieved Learning Outcomes 
(PALO) data model (Najjar et al., 2010) is a simple 
schema proposed to capture information on learn-
ing outcomes (knowledge, skills and competences) 
achieved by a learner and relations among those 
outcomes. Information on the context where 
the learning outcomes are obtained or applied, 
assessment records and levels (e.g. proficiency 
level) associated to the outcomes are also part of 
this schema.
One of the main challenges of communities 
and systems that deal with learning outcome 
information is interoperability. Different commu-
nities and systems may use different data models 
to represent information on skills, knowledge or 
competence obtained by a person that is required 
for a job or a task.
The PALO specification is a step towards a 
common model supporting the exchange of such 
data, to enhance interoperability of personal learn-
ing outcome information between, for example, 
learning management systems, e-portfolios, social 
applications and recruitment systems.
This data model enables describing relations 
between learning outcomes of learners, in addition 
to contextual and evidence related information. 
The PALO schema should enable capturing the 
following:
• relations between achieved learning out-
comes, regardless of the taxonomies or on-
tologies they belong to;
• contextual information on where the 
achieved learning outcome is obtained or 
applied;
• information about all types of evidence 
and assessment that prove the achievement 
of a learning outcome;
• information about levels and ranking of 
an achieved learning outcome, like profi-
ciency level.
THE OPEN ICOPER 
CONTENT SPACE
In the context of the ICOPER project, the Open 
ICOPER Content Space (OICS) has been designed 
as a platform offering services for the manage-
ment of shareable educational resources as part of 
outcome-oriented learning processes. Its backend 
consists in two synchronized repository servers 
capable of storing resources and metadata, and 
offering specialized services for publication, 
search and retrieval. The OICS repositories store:
• learning outcome definitions capturing the 
key characteristics of a learning outcome, 
independently of its use in any particular 
context or target group;
• a critical mass of learning content har-
vested from content providers through the 
OAI-PMH protocol;
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• teaching and assessment methods and
• learning designs that can be published di-
rectly from desktop authoring applications 
or uploaded through a web user interface;
• personal achievement profiles controlled 
by users and accessible through learning 
management system or social network 
applications;
• learning opportunities announced by uni-
versities or course delivery platforms.
The repositories are consumers of a set of 
services improving the quality of the metadata. 
These services are explained in more detail in 
Klerkx et al. (2010).
• The registry service provides a catalogue 
of up-to-date information about learning 
object repositories (LORs) and allows the 
harvester instance used for the OICS to 
retrieve information about the OAI-PMH 
endpoint.
• The validation service ensures that only 
metadata records are stored which com-
ply with the ICOPER LOM Application 
Profile, which is based on IEEE Learning 
Object Metadata (LOM).
• The transformation service allows apply-
ing mappings between foreign vocabular-
ies to ICOPER specific ones.
• The identifier service generates unique 
and persistent identifiers that are added to 
metadata records upon ingestion into the 
OICS. Resolution to multiple views of the 
resource is provided through a simple web 
service.
The services the OICS provides to client ap-
plications have been bundled into a coherent API, 
the OICS Middle Layer (Figure 4). Its key focus is 
the integration of concepts and data related to the 
key processes in outcome-based education. The 
OICS middle layer provides services for search 
and retrieval of learning resources, for publica-
tion, for the management of users and groups and 
for the management of learning outcome profiles 
within these key processes (Totschnig et al., 2010).
Search and Retrieval
The search and retrieval service gives access to 
the OICS resources by providing specific access 
methods for the different types of objects (learning 
outcome definitions, teaching methods, learning 
designs and learner assessments). Three example 
bindings for this service have been implemented:
• The ATOM binding exposes all resources 
as ATOM feeds that can be filtered based 
on values in the LOM metadata.
• The JSON binding uses a REST interface 
and provides the results to the client tools 
in the JavaScript Object Notation data for-
Figure 4. OICS middle layer
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mat. JSON is a lightweight data format 
heavily used by web developers due to its 
simplicity (e.g. native evaluation of results 
in JavaScript) compared to the traditional 
XML data format approaches, which of-
ten require cumbersome DOM-based 
processing.
• A PHP search script forwards PLQL ex-
pressions to the SQI SOAP end point pro-
vided by the KUL repository.
Publication
The OICS implements the Sword/AtomPub bind-
ing of the SPI specification, learning objects and 
metadata records can be published to collections. 
Extending the SPI specification, The OICS imple-
mentation allows updating and retrieving of parts 
of the metadata record thus making it very easy to 
query and manipulate individual metadata fields 
relevant in specific use cases.
Learning Outcome Profiles
Users of the OICS can manage their learning out-
come profile according to the Personal Achieved 
Learning Outcomes (PALO) data model both 
through a web UI and the same publication service 
as used for publishing learning resources.
Other Initiatives of Open 
Assessment Resources
There have been some initiatives for creating 
Open Educational Resources (OER) repositories, 
like the JISC OER program (JISC OER, 2010), 
which purpose is “make a significant amount of 
existing learning resources freely available online, 
licensed in such away to enable them to be used and 
repurposed worldwide.” Some of these repositories 
contain assessment resources in several formats 
(e.g., IMS QTI), like Fetlar (Fetlar project, 2010) 
that collect maths assessment using IMS QTI and 
Bioscience UKOER project, whose resources can be 
accessed through JorumOpen (JorumOpen, 2010).
MANAGING OUTCOME-BASED 
OPEN ASSESSMENT RESOURCES 
IN A FEDERATED REPOSITORY
In the context of the ICOPER project (ICOPER, 
2010), we have developed a prototype as a proof of 
concept of these hypotheses. It is called “outcome-
based assessment resources management tool” and 
it is integrated in the .LRN learning management 
system (LMS).
Usage of Standards and 
Specifications
From a technological perspective, one of the main 
challenges we have confronted is the assessment 
resources interoperability. The IMS QTI specifi-
cation is supposed to solve this problem but the 
actual implementation in the assessment tools 
suffer from lack of interoperability (Agea et al., 
2010). In this sense, it is worth pointing out the 
IMS Common Cartridge (IMS CC, 2010).
The IMS CC is a set of open standards that, 
if followed by content developers and learning 
platforms, enable strict interoperability between 
content and systems. Among other things, it 
specifies a standard for test items, tests, and as-
sessments. This standard allows learning systems 
to understand imported assessments so they can 
be manipulated as needed in the learning system.
The IMS CC 1.0 provides an IMS QTI 1.2.1 profile 
oriented to interoperability of questions and tests. 
Besides, it covers all the main features and question 
types used in the current QTI implementations.
The Common Cartridge supports profiles of 
the following question types:
• Multiple Choice (Single Response)
• Multiple Choice (Multiple Response)
• True/False
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• Essay
• Simple Fill in the Blank: single response 
box with single correct answer that is pro-
cessed as an exact match
• Pattern Match: single response box with 
multiple potential answers that support 
exact match, containment matching and 
regular expression matching
The profiles for each of these question types 
describe how they support:
• Feedback
• Hints
• Sample solutions
• Relative scoring
In addition, questions support a number of meta-
data attributes that describe:
• A suggested weighting for the question in 
the assessment
• A category for the question.
So, the interoperability of the tools that implement 
this profile is guaranteed, and they could make use 
of all the resources in the repository and manage 
them in a proper way.
Once defined the specification to be used for 
assessment resources, it is necessary to indicate 
which non-specific assessment formats were 
used together with IMS QTI. The ICOPER LOM 
AP was selected for enriching the assessment 
resources with information about:
• Intended learning outcomes: selected 
from a repository of learning outcome 
definitions in the OICS, collected from 
several Higher Education Institutions 
(HEI).
• Assessment methods: selected from a re-
pository of assessment methods in the 
OICS collected in a theoretical basis.
• Annotations about the resources: there 
are three types of annotations, i.e., anno-
tation resulted from a peer review of the 
resources, teacher reflections and student 
feedback.
Finally, PALO was used to represent the as-
sessment records, i.e., the result of normalizing the 
summative assessment results, the achievements 
and the learner’s profile, composed by achieve-
ments evidenced by assessment records.
Open Assessment 
Resources Use Cases
The stakeholders of this tool are teachers and 
course developers, and it covers the following 
use cases:
• Outcome-based search of assessment re-
sources in the OICS
• Publication of assessment resources in the 
OICS
• Annotation of assessment resources with 
teachers and learners reflections
• Updating of learner’s personal achieved 
learning outcomes (PALO)
University Carlos III of Madrid (UC3M) has 
developed a prototype integrated into the .LRN 
platform that demonstrates various use cases 
related to the learner assessment process:
(1) Outcome-Based Search of 
Assessment Resources
Once defined assessment method and learning 
outcomes of a course, the instructional designer 
should find appropriate assessment resources 
aligned to them, and this process is enabled by 
the .LRN module. The designer is able to search 
for assessment resources in the OICS by keyword, 
but he/she is also able to filter the results by the 
intended learning outcomes of the course (avail-
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able in the learning outcome definitions repository) 
and by the assessment method he decided to use 
to orchestrate the resources.
The described use case makes use of the search 
service of the middle layer API of the OICS in 
order to search assessment resources from several 
repositories. This service also provides means for 
the filtering process by learning outcomes and/or 
assessment method.
(2) Sharing Annotations about 
Assessment Resources
Once an activity involving a published assessment 
resource has finished, teachers can make use of the 
annotation system in order to provide information 
about the students’ performance. Teachers could 
also collect students’ feedback to annotate the as-
sessment resource with. This information enriches 
the published resource for potential instructional 
designers willing to re-use it.
This sharing annotation system uses some 
services of the OICS via the middle layer API. 
Firstly, the publication service is used to publish 
the resources and their LOM metadata in the 
OICS. Secondly, the service that allows updating 
the metadata record of a resource is used to update 
it with annotation information.
(3) Learning Outcomes: Achievements
After the completion of the course, and therefore 
the assessment activities, it is time for teachers 
to officially close the course. The implemented 
application provides the teacher with an interface 
to facilitate this task. It shows a list of the students 
of the course and the assessment result (grade) of 
each assessment activity carried out in the course. 
There is also a final grade automatically calculated 
as the arithmetic mean of all the results, but the 
teacher can modify it taking into account other 
factors. The teacher can also provide some textual 
feedback for any student’s final grade.
Once the teacher has finished this task, he can 
officially close the course. The results of this ac-
tion is that the profiles of all the students passing 
the course (in this case it means a final grade of 
5 or more because the prototype uses a grading 
scale 0 to 10, proper to the Spanish system) will 
be updated with the achievements of the course, 
that is, the learning outcomes achieved. These 
achievements are also evidenced by an assessment 
record, which is an official record corresponding 
to the final grade of the course and has the Uni-
versity as the assessing body.
This process uses the service of the OICS 
middle layer that allows updating the learner’s 
profile with assessment records and achievements.
A screenshot of the developed prototype for 
managing open assessment resources in the Open 
ICOPER Content Space is shown in Figure 5.
Evaluation of the Proposal
The .LRN prototype evaluation, according to the 
methodology defined in ICOPER, targets three 
types of audience (stakeholders):
• Engineering evaluation targeted to imple-
menters, tool developers and technology 
providers.
• End-user evaluation targeted to instructors, 
learners, curriculum developers, adminis-
tration or management.
• Epistemological evaluation targeted to re-
searchers and standardization bodies.
The first one consists of a survey about the 
prototype implementation and the middle layer 
API. It will provide the perspective of these stake-
holders from a technical point of view.
In the .LRN prototype, the end-user evaluation 
targets faculty members and course developers. 
The end user evaluation of the .LRN prototype 
has been conducted in two events:
1. A workshop organised in the eMadrid confer-
ence at University Carlos III of Madrid, where 13 
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user evaluations were collected. The evaluation 
consisted of brief theoretical introduction followed 
by a demo of the prototype. Then, the participants 
had the opportunity to use the prototype by them-
selves to carry out a set of predefined tasks and 
ended up with a survey about their experience 
with the tool.
2. A series of personal interviews (5) were 
conducted in the University Carlos III of Madrid 
(2) and University of Cyprus (3). The objective 
of these interviews was to obtain quantitative 
evaluation data of the prototype. The profile of the 
interviewees was course developers and faculty 
members: 4 males and 1 female aged between 
25-39, all teachers of IT related subjects. The 
interviews were recorded and the highlights sum-
marised afterwards in order to let the interviewees 
freedom to explain themselves, according to the 
defined methodology.
From the overall quantitative analysis it can 
be concluded that the faculty members and course 
developers are satisfied with the implemented 
prototype. They rated great the learnability of the 
tool and the standard support (although this value is 
Figure 5. .LRN prototype screen capture
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not very significant due to some users did not have 
a great knowledge about e-learning standards).
Both the quantitative and qualitative results 
have been used as empirical evidence for a set 
of recommendations, described below. These 
recommendations are addressed to standardization 
bodies and technology providers.
1.  Usage of IMS QTI profile defined in the 
IMS CC in assessment tools
2.  Hide assessment specifications complexity 
to end users in assessment tools
3.  Provide teachers tools for formative assess-
ment integrated in assessment tools
4.  Relate assessment resources to intended 
learning outcomes
5.  Support annotation of assessment resources 
in assessment tools
6.  Implementation of integrated environments 
for outcome-based assessment based on 
the previously described standards and 
specifications
FUTURE RESEARCH DIRECTIONS
Related to the previously defined recommenda-
tions, we are also working on defining a set of 
recommendations for faculty members and higher 
education management. Therefore, it is possible 
that more evaluation events were necessary to get 
more empirical evidence.
On the other hand, a set of new functionalities 
good to have in the implemented prototype is the 
following:
• Add the possibility to define new assess-
ment methods in the OICS, to be used to 
annotate the resources
• Integrate new repositories of assessment 
resources in several languages in the OICS
• Define a clear process to reference the re-
used open resources
Finally, it is worth mentioning that a research 
topic very related to this work is to define a 
standards and specifications for assessment re-
sources able to evaluate skills and competences. 
The set of learning outcomes assessment by re-
sources defined in IMS QTI (basically questions 
and tests) are knowledge outcomes and some 
skills. But it exists the need of assessing high 
level skills in the current HEI and companies, 
and the used resources should be expressed in a 
standardized way.
CONCLUSION
This chapter has presented the design and imple-
mentation of an application prototype that permits 
teachers and course developers manage and share 
open assessment resources in an easy way. The 
development of the prototype also helped to prove 
that an application could connect and interact 
easily with a federated repository of educational 
resources, the Open ICOPER Content Space, 
through the use of the middle layer API.
The implemented prototype also satisfies the 
requirements established by the use cases, so it 
is supposed to fulfil stakeholders’ requirements 
in the assessment process.
On the basis of the experience gained from the 
development of this prototype, a series of recom-
mendations for the management of open assessment 
resources in a repository have been presented. These 
recommendations are related to the idea of extend-
ing the IMS QTI specification in order to link it to 
other e-learning fields. This integration brings some 
benefits, which emerge in the context of e-learning 
material repositories with several types of content, 
i.e., learner assessments, learning designs, learning 
outcomes, teaching and assessment methods, etc.
There are also other important concepts related 
to the recommendations, like the need of hiding 
the complexity of the specifications to the faculty 
members, and the great benefits of using forma-
tive assessment and tools that enable this practice.
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KEY TERMS AND DEFINITIONS
.LRN Platform: .LRN is the world’s most 
widely adopted enterprise-class open source 
software for supporting e-learning and digital 
communities. Originally developed at MIT, .LRN 
is used worldwide by over half a million users in 
higher education, government, non-profit, and 
K-12.
Interoperability: is a property referring to 
the ability of diverse systems and organizations 
to work together (inter-operate). The term is often 
used in a technical systems engineering sense, or 
alternatively in a broad sense, taking into account 
social, political, and organizational factors that 
impact system to system performance.
Learning Design: A learning design is a 
reusable representation of a concrete learning 
opportunity. A learning design arranges teaching 
methods, assessment designs, learning content 
and other elements of a learning environment 
such as learning tools towards learning outcome 
attainment.
Learning Outcome: means statements of 
what a learner knows, understands and is able to 
do on completion of a learning process. It covers 
knowledge, skills and competences that a learner 
should attain when successfully having finished 
a unit of learning.
OICS: In the context of the ICOPER project, 
the Open ICOPER Content Space has been defined 
as the umbrella combining a portfolio of interoper-
able repositories, content and tools, as a test bed 
for the specifications and standards that become 
part of the ICOPER reference model.
Open Repository of Educational Resources: 
is a collection of open educational resources (re-
sources used in education) that can be accessed 
to retrieve information. Repositories often consist 
of several databases tied together by a common 
search engine.
Outcome-Based Assessment: means that 
the assessment process must be aligned with the 
learning outcomes. This means that it should 
support the learners in their progress (formative 
assessment) and validate the achievement of the 
intended learning outcomes at the end of the 
process (summative assessment). It also means 
that the assessment process should be adapted 
depending on the kind of outcomes that it is aimed 
to appraise.
Standards and Specifications: A specification 
is an explicit set of requirements to be satisfied 
by a material, product, or service. A technical 
specification may be developed privately, for 
example by a corporation, regulatory body, or 
military organisation, or it may be developed by 
standards organizations. When a specification is 
issued by a standardisation body, it becomes a 
standard.
